A generally weak area in research papers, reports, and reviews is the complete identification of seminal background documents that formed the building blocks for these papers. A method for systematically determining these seminal references is presented. Citation-assisted background (CAB) is based on the assumption that seminal documents tend to be highly cited. Application of CAB to the field of nanotechnology research is presented. While CAB is a highly systematic approach for identifying seminal references, it serves as a supplement and is not a substitute for the judgment of the authors
Introduction
Research is a method of systematically exploring the unknown to acquire knowledge and understanding. Efficient research requires awareness of all prior research and technology that could impact the research topic of interest, and builds upon these past advances to create discovery and new advances. The importance of this awareness of prior art is recognized throughout the research community. It is expressed in diverse ways, including requirements for Background sections in journal research articles, invited literature surveys in targeted research areas, and required descriptions of prior art in patent applications.
For the most part, development of Background material for any of the above applications is relatively slow and labor intensive, and limited in scope. Background material development usually involves some combination of manually sifting through outputs of massive computer searches, manually tracking references through multiple generations, and searching one's own records for personal references. The few studies that have been done on the adequacy of Background material in documents show that only a modest fraction of relevant material is included (e.g., MacRoberts & MacRoberts, 1989 , 1996 Liu, 1993) .
Typically missing from standard Background section or review article development, as well as in the specific examples cited above, is a systematic approach for identifying the key documents and events that provided the groundwork for the research topic of interest. The present paper presents such a systematic approach for identifying the key documents, called citation-assisted background (CAB), and applies it to the area of nanotechnology research.
For nanotechnology specifically, the burgeoning global interest has been accompanied by numerous surveys and reviews of the technical literature. There are numerous books (e.g., Bhushan's Handbook of Nanotechnology (Bhushan, 2004 ); Goddard's Handbook on Nanoscience, Engineering, and Technology (Goddard, 2002); Freitas' multi-volume set on nanomedicine (Freitas, 1999 (Freitas, , 2003 ; see Appendix 1 of (Kostoff et al., 2005b) for more complete listing of Reference Books), review articles (e.g., Kricka's multi-lingual survey of nanotechnology books and patents (Kricka & Fortina, 2002 ); Simon's review of the science and potential applications of nanotechnology (Simon, 2005) ), and reports (e.g., The Royal Society's comprehensive review on nanoscience and nanotechnologies (Dowling et al., 2004 ); Colton's indepth review of nanoscale measurements and manipulation (Colton, 2004) ) that cover various sub-sets of nanotechnology.
Every published research review on nanotechnology typically covers a limited subset of the technology rather than the total discipline. None of these published reviews has the spatial and temporal breadth of coverage of the present paper, none uses a query of the extent and complexity of the present paper, and none uses the systematic approach described here to insure that all highly cited articles related to the discipline of interest are identified. In a paper published in the present issue (Kostoff et al., 2005a), we used text mining techniques to query the open literature to uncover the infrastructure of nanotechnology publications. In the present paper, we describe a systematic approach to insure that all highly cited seminal articles related to nanotechnology are identified. The technique is use to demonstrate the utility of the CAB approach.
Concept description
The CAB concept (Kostoff & Shlesinger, 2005) identifies the seminal Background documents for a research area using citation analysis. CAB rests on the assumption that a seminal document for a specific research area will typically have been referenced positively by a substantial number of people who are active researchers in that specific area. Implementation of the CAB concept then requires the following steps:
• The research area of interest must be defined clearly • The documents that define the area of interest must be identified and retrieved • The references most frequently used in these documents must be identified and selected • These critical references must be analyzed, and integrated in a cohesive narrative manner to form a comprehensive Background section or separate literature survey
These required steps are achieved in the following manner.
1. The research topic of interest is defined clearly by the researchers who are documenting their study results. For example, consider the topic of nanotechnology. In a recent text mining study of nanotechnology (Kostoff et al., 2005a) , the topical area was defined to include development and use of techniques to study physical phenomena and construct structures in the physical size range of 1-100 nanometers (nm), as well as the incorporation of these structures into applications. 2. The topical definition is sharpened further by the development of a literature retrieval query.
In the text mining study mentioned above (Kostoff et al., 2005a) 
